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We report x-ray diffraction, resistivity, thermopower, and magnetization of 
Sr3ErMn4_i:Gai,Oio.5-d, in wliicli A-site ordered tetragonal phase appears above x = 1, 
and reveal that the system exhibits typical properties seen in the antiferromagnetic insulator with 
Mn^^. We succeed in preparing both A-site ordered and disordered phases for a; = 1 in different 
preparation conditions, and observe a significant decrease of the resistivity in the disordered phase. 
We discuss possible origins of the decrease focusing on the dimensionality and the disordered effect. 



I. INTRODUCTION 



Perovskite oxide is denoted as ABO3, where A and 
B represent lanthanide (and/or alkaline earth elements) 
and transition-metal elements, respectively. B ion is 
surrounded by six oxygen ions, and BOq octahedron is 
formed. The octahedron mainly contributes electrical 
and magnetic proerties of the perovskite oxide. Accord- 
ing to the ionic radius of A ion, the bond angle Z B- 
0-B deviates from 180°, which causes a change of the 
bandwidth. In a substituted system of R^'^i^A'^'^BOs, 
the carrier concentration is also controlled as well as the 
bandwidth. 

The A-site ordered manganese oxide i?BaMn206 (i? : 
lanthanide) has attracted much attention because of sig- 
nificant physical phenomena such as the large magne- 
toresistance of 1,000 % at room temperature H , charge 
and orbital orderings at high temperatures [3|. These 
properties attribute to A-site ordering working as " a pe- 
riodic" Coulomb potential which stabilizes charge, spin, 
and/or orbital orderings of the electrons on B-site 
Owing to the randomness, A-site disordered phase of 
i?o.5Bao.5Mn03 displays the spin-glass state or the itin- 
erant ferromagnetic state instead of the charge ordered 
state seen in the ordered phase [1, [H . 

The A-site ordered cobalt oxide Sr3YCo40io.5 also ex- 
hibits peculiar magnetic properties with a high ferromag- 
netic (ferrimagnetic) transition temperature of 335 K 6] , 
which is in contrast with a spin state crossover near 100 
K in LaCoOa Q. In this compound, the A-site ordering 
stabilizes oxygen deficient ordering, which makes a vol- 
ume of the CoOe octahedron larger than that of LaCoOs 
Q and gives a different coordination number of Co^+ 
from LaCoOa. These modifications stabilize high-spin 
and/or intermediate-spin states of Co'^"'' even at low tem- 
peratures, which causes the peculiar magnetic properties. 
Hence, partial substitution for the A-site or B-site cations 
strongly affects the spin state leading to significant sup- 
pression of the magnetic order; Ca substitution for Sr 
site and 6%-Mn doping in the B site [lo[ destroys the 
room-temperature ferromagnetism of Sr3YCo40io.5. 
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FIG. 1: (Color onhne) Crystal structure of 

Sr3ErMn4^:iGa^Oio.5-d (a; > 1). 



Recently, a new A-site ordered perovskite 
Yo.8Sr2.2Mn2Ga07.9 (Sr2.3.3Yi m Mn2.66Ga1.34O10.53) 
was reported by Gillie et al. [ll[, which is isostructural 
to Sr3YCo40io.5 [H, As shown in Fig. 1, this 

compound has an octahedral site where Mn^+ ions 
mainly occupy with about 10%-Ga ions intermixed and 
a tetrahedral site where both Mn'^+ and Ga^+ ions 
occupy. They found an antiferromagnetic state below 
100 K in this material showing that Yo.8Sr2.2Mn2Ga07.9 
was a antiferromagnetic insulator, however, they did 
not report the transport properties. We have prepared 
polycrystalline samples of Sr3ErMn4_2;Ga2;Oio.5-d {x = 
0, 0.5, 1, 2) where d represents oxygen deficiency and 
investigated the transport and magnetic properties in 
relation to the strcture. We have succeeded in preparing 
both A-site ordered and disordered phases for x = 1 
using different preparation conditions and observe a 
significant decrease of the resistivity in the disordered 
phase. We attribute this to a change of dimensionality 
in conduction and/or A-site disordered effect. This ma- 
terial can be a good playground to study order-disorder 
effect on the electronic states of the antiferromagnetic 
insulator with Mn'^+. 
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II. EXPERIMENTS 

Polycrystalline samples of Sr3ErMn4_3;Ga2;Oio.5-t; 
{x — 0, 0.5, 1, and 2) were prepared by a solid state reac- 
tion. Stoichiometric amounts of SrCOa, Er203, Mn304, 
and Ga203 were mixed, and the mixture was sintered at 
1250 °C for 12 h for a; = and 0.5, 6 h for a; = 1 and 2 
in N2 flow (100 — 200 ml/min). Then, the product was 
finely ground, pressed into a pellet, and sintered at 1250 
°C for 12 h for X = 0, 24 h for x = 0.5, and 10 h for a; = 1 
and 2 in N2 flow (100 — 200 ml/min). The second pro- 
cess was repeated 2 times for x — 0.5, and once for a; = 1 
and 2 with intermediate grindings and pelletizings. As 
shown in Fig. 2(c), a; = 1 sample exhibits A-site ordered 
structure. We sintered the a: = 1 sample again using the 
second process, and found the sample shows a disordered 
structure shown in Fig. 3. 

The x-ray diffraction of the sample was measured us- 
ing a standard diffractometer with Cu Ka radiation as 
an x-ray source in the 9 — 29 scan mode. The structural 
simulations were performed using a RIETAN-2000 pro- 
gram ,14] . The resistivity was measured by a four-probe 
method in a liquid He cryostat. The thermopower was 
measured using a steady-state technique in a liquid He 
cryostat with copper-constantan thermocouple to detect 
a small temperature gradient of about 1 K/cm. The mag- 
netization was measured from 5 to 400 K by a commercial 
superconducting quantum interference device (SQUID, 
Quantum Design MPMS). 



III. RESULTS AND DISCUSSION 

Figure 2 shows the x-ray diffraction patterns of 
Sr3ErMn4_^Ga:j.Oio.5-d {x = 0,0.5,1, and 2). Ah the 
peaks are indexed as a cubic cell of the space group 
PmSm with the lattice parameter of a 3.8 and 3.85 
A for X = and 0.5, respectively. This cubic cell is also 
seen in Sri_2:Y2:Co03_5 with small x With increas- 
ing Ga content x, crystal structure changes from the cu- 
bic perovskite to a tetragonal A-site ordered perovskite 
(space group: lA/mmm, Fig. 1) with the lattice parame- 
ter of a '--^ 7.63 and 7.65 A, and c ^ 15.58 and 15.56 A for 
a; = 1 and 2, respectively. This result is consistent with 
the structural analysis by Gillie et al. ll|. As shown in 
the inset of Fig. 2(d), superstructure peaks correspond- 



ing to the A-site ordering are observed, while they do 
not appear for x = and 0.5 samples. Ga ions selec- 
tively occupy the tetrahedral site to stabilize the A-site 
ordered structure as shown in Fig. 1 [Tli] . Thus, x — 1 
is a minimal amount to stabilize the structure. Gillie et 
al. reported that the oxygen content of Sr2YMn2Ga07.9 
is 7.9 showing formal valence of Mn ion is almost 3+. 
Thus, it is assumed that the formal valence of Mn ion is 
also 3-|- in the ordered compounds presented here. 

Figure 3 shows the x-ray diffraction patterns of 
Sr3ErMn3GaOio.5-(i with different preparation condi- 
tions. Obviously, two patterns are different; one sam- 
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FIG. 2: (Color online) (a)-(d) X-ray diffraction patterns of 
Sr3ErMn4_j;GaxOio.5-d (x = 0,0.5,1, and 2). The insets 
represent the magnified x-ray patterns at low angles. The red 
line of the inset of Fig. 2(d) represents a simulated pattern. 
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FIG. 3: (Color online) X-ray diffraction patterns of ordered 
and disordered Sr3ErMn2Ga20io.5-d. The inset represents 
the magnified x-ray pattern at low angles. 



pie was identified to the tetragonal ordered phase (here- 
after this is denoted by O sample), and the other 
was identified to the disordered-cubic perovskite phase 
(D sample). Similar structures are originally found in 
i?BaMn206/i?o.5Bao.5Mn03 systems Q. We would like 
to say that the O sample is metastable so that the longer 
sintering stabilizes the disordered phase. Thus, this com- 
position is just on the verge of order and disorder. As 
shown in the inset of Fig. 3, the superstructure peaks of 
D sample are hardly visible. 

Figure 4 (a) shows the thermopower of 
Sr3ErMn4-:rGa:,Oio.5-d {x = 0,0.5,1, and 2). The 
magnitude of the thermopower is between 60 and 110 
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/zV/K, and the sign is negative showing that the carriers 
are electrons. Assuming that the formal Mn valence is 
3+, we expect that a tiny amount of electrons on Mn^"*" 
moves in the background of Mn'^"'" as shown in the inset 
of Fig. 4(a). Using an extended Heikes formula the 
valence of Mn ion was evaluated to be 2.71+ at 300 K 
corresponding to c? = 0.43 for x = 1 sample with spin 
degeneracy term of gMn^+ =6 and gMn^+ 

Figure 4 (b) shows the resistivity of 
Sr3ErMn4_j.Gaj.O10.5-ci {x = 0,0.5,1, and 2). Semi- 
conducting temperature dependence is observed for all 
the samples. With x, the magnitude of the resistivity 
decreases mainly due to decrease of scattering centers 
of the Ga ions. As seen in the inset of Fig. 4(b), the 
temperature dependence is described by an activation- 
type conduction p = poexp{-^p) where Eg represents 
activation energy above 200 K. The activation energy 
Eg was evaluated to be 0.133, 0.146, 0.149, and 0.246 
eV for a; =0, 0.5, 1, and 2, respectively. 

Figure 5(a) shows the magnetization of 
Sr3ErMn4-j;Ga2,Oio.5-£; {x = 0,0.5,1, and 2). As 
shown in Figs. 5(b) and (c), the data was fitted by the 

Curie- Weiss law described by x = 1- Xo, where C, 

Ow, and xo represent Curie constant, Weiss temperature 
and temperature independent term of the magnetic 
susceptibility, respectively. C was evaluated to be 0.023, 
0.019, 0.026, and 0.018 emu/K-g for x = 0,0.5,1, and 2, 
corresponding to 12.34, 11.14, 13.17, and 11.07 /ie/f-u., 
respectively. These values are roughly explained by 
coexistence of 9.6 fiB of Er'^+ with g = | and J — ^ 
and 3.87 /xb and 4.90 in the high-spin states of 
Mn'*+ and Mn^+. xo was evaluated to be 1.39x10"^, 
1.57x10-5, 0, and emu/g for x = 0,0.5,1, and 2 
samples, respectively. Since a; = and 0.5 samples show 
relatively good electric conductance compared with those 



FIG. 5: (Color online) Magnetic susceptibility of 
Sr3ErMn4-:,GaxOio.5-d {x =0, 0.5, 1, and 2). The 
inset shows inverse susceptibility. 



of X = 1 and 2 samples, this contribution may come from 
conducting electrons. All the samples exhibit negative 
e'w (-45, -29, -52, and -30 K for a; = 0,0.5,1, and 2, 
respectively) implying antiferromagnetic interaction in 
this system. At around 60 K, the slope of x'^ changes 
showing an existence of magnetic anomaly for all the 
samples. Since the antiferromagnetism was observed 
in Sr2YMn2Ga08-rf below 100 K 11|, the anomaly at 
around 60 K in Sr3ErMn4_3:Gaa:Oio.5-d can be also 
related to antiferromagnetic order of Mn'^+ . 

Lastly, we will discuss a difference of the transport and 
magnetic properties between the ordered (O sample) and 
disordered samples (D sample). Figure 6 (a) shows the 
temperature dependences of the resistivity of the O and 
D samples. The magnitude of the resistivity of the D 
sample is one order of magnitude smaller than that of 
the O sample, while the thermopower and magnetization 
of the D sample quite resemble those of the O sample 
as seen in Fig. 6(b). This strongly contrasts with the 
difference between the ferromagnetic-metal state of the 
disordered i?o.5Bao.5Mn03 and charge-ordered insulat- 
ing state of the ordered i?BaMn206 3. This variety 
of the properties comes from Mn'^'^^ with the charge de- 
gree of freedom, while Sr3ErMn4_;j,Ga;rOio.5-ci has Mn'^+ 
without the charge degree of freedom causing the small 
difference between the properties. 

The difference of the resistivity shown in Fig. 6(a) is 
explained by several possible origins as follows: (1) a de- 
crease of the carrier concentration, (2) an increase of the 
scattering time, (3) a change of dimensionality in con- 
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FIG. 6: (Color online) (a) Resistivity and (b) tliermopower 
and magnetization of the ordered and disordered phases. 



duction and (4) a change of electronic structure induced 
by the disordering of A site. As seen in Fig. 6(b), two 
samples exhibit almost the same magnitude of the ther- 
mopower of —100 /iV/K. Since thermopower is a function 
of carrier concentration, the result shows that carrier con- 
centration does not differ so much in the two samples. In 
addition, since the content x of Ga ions which can be scat- 
tering centers is 1 in both samples, a possibility of (2) can 
be also denied. As stated in the introduction, Ga ion se- 
lectively occupies tetrahedral sites in the O phase, while 
Ga and Mn ions randomly occupies in the D phase. Thus, 
a dimensionality in conduction can change from 2D in the 
O sample to 3D in the D sample, which can be a possible 
origin of the decrease of the resistivity. Another possi- 



bility is a change of electronic structure induced by the 
disordering of A site. A-site disordering generally induces 
a random potential in a perovskite oxide, which may af- 
fect the electronic structure of the material. Indeed, it is 
theoretically found that the introduced random potential 
in the Hubbard Hamiltonian causes an antiferromagnetic 
metallic phase instead of the antiferromagnetic insulat- 
ing state jl^]. Although the origin of the difference of 
the resistivity is not clear at present, this system can be 
a good playground for investigating A-site disorder effect 
on antiferromagnetic insulator with Mn'^"*' . 



IV. SUMMARY 

In summary, we have measured x-ray diffrac- 
tion, resistivity, thermopower, and magnetization of 
Sr3ErMn4_:rGa2:Oio.5-d system, in which A-site ordered 
tetragonal phase appears above a: = 1, and observed large 
negative thermopower, semiconducting conduction, and 
magnetic susceptibility with a kink at 60 K implying an- 
tiferromagnetism. We succeed to prepare both A-site or- 
dered and disordered phases for a: = 1 sample and observe 
a significant decrease of the resistivity in the disordered 
phase. We attribute this to a change of dimensionality 
in conduction and/or a change of electronic structure in- 
duced by the disordering of A sites. 
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